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Abstract 

The heavy spin-3/2 baryon-heavy spin-1/2 baryon vertices with light vector 
mesons are studied within the light cone QCD sum rules method. These vertices 
are parametrized in terms of three coupling constants. These couplings are calculated 
for all possible transitions. It is shown that correlation functions for these transitions 
are described by only one invariant function for every Lorenz structure. The obtained 
relations between the correlation functions of the different transitions are structure 
independent while explicit expressions of invariant functions depend on the Lorenz 
structure. 
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1 Introduction 



In the last decade, significant experimental progress has been achieved in heavy baryon 
physics. These highly excited (and often unexpected) experimental results have been an- 
nounced by the BaBar, Belle, CDF and D0 Collaborations. The ^ and | antitriplet 

states, A+, H+, S° and A+(2593), H+(2790), S°(2790) as well as the i"^ and |^ sextet 
states, fic, S'^ and Q*,T,*,E* have been observed [U i2j. Among the S-wave bottom 
baryons, only A;,, S^, S^, Eb and Qb have been discovered. Moreover, the physics at LHC 
opens new horizons for detailed study of the observed heavy baryons, and paves the way to 
an invaluable opportunity for search of the new baryon states [3]. Evaluation of the strong 
heavy baryon-heavy baryon-meson coupling constants could be important in analysis of pp 
and e~^e~ experiments with pair production of heavy baryons with spin-1/2 or spin-3/2. 
For example, in BaBar and BELLE, these baryons can be produced in pairs, where one of 
them is off-shell. Analysis of the subsequent of the strong decays of this baryons requires 
knowledge about their strong coupling constants. 

Considerable progress in experiments has stimulated theoretical analysis of the heavy 
flavor physics. Heavy baryons with a single heavy quark can serve as an excellent "lab- 
oratory" for testing predictions of the quark models and heavy quark symmetry. After 
discovery of heavy baryons with a single heavy quark the next step of investigations in this 
direction is to study their strong, electromagnetic and weak decays which can give us useful 
information on the quark structure of these baryons. 

The strong coupling constants of these baryons with light vector mesons are the main 
ingredients for their strong decays and more accurate determination of these constants is 
needed. For this aim one should consult to some kind of nonperturbative methods in QCD 
as we deal at hadronic scale. The method of the QCD sum rules ^ proved to be one of the 
most predictive among all other nonperturbative methods, and in this respect, the most 
advanced version seems to be the formalism implemented on light cone. In the light cone 
QCD sum rules (LCSR), the operator product expansion (OPE) is carried out near the 
light cone, ~ 0, and the nonperturbative hadronic matrix elements are parametrized in 
terms of distribution amplitudes (DA's) of a given particle (for more about LCSR, see [5]). 

In [6], [7] and [8], the strong coupling constants of hght pseudoscalar and vector mesons 
with sextet and antitriplet of the spin-1/2 heavy baryons as well as the heavy spin-3/2 
baryon-heavy spin-1 / 2 baryon vertices with light pseudoscalar mesons are calculated within 
light cone version of the QCD sum rules. In the present work, we extend our previous studies 
to investigate the strong coupling constants among sextet of the heavy spin-3/2 baryons 
and the sextet and antitriplet of the heavy spin-1/2 baryons and the light vector mesons. 

The plan of this work is as follows. We first derive LCSR for the coupling constants of 
the transitions of the sextet spin-3/2 heavy baryons to sextet and antitriplet spin-1/2 heavy 
baryons and light vector mesons. In section 3, we present our numerical analysis of the 
aforementioned coupling constants and compare our predictions with the results available 
on this subject. 
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2 Light cone QCD sum rules for BqBqV vertices 



In this section, we calculate the strong coupling constants BqBqV and BqBqV, where Bq 
is the heavy spin-3/2 sextet, Bq stands for the heavy spin-1/2 sextet and Bq denotes the 
heavy spin-1/2 antitriplet baryons. The vertex describing spin-3/2 baryon transition into 
spin-1/2 baryon and light vector meson can be parametrized in the following way [5]: 



[BQ{p2)V{q)\BQ{pi)) = UBQ{p2)<y9i{qa ^ - Sa^h^ + 92[{P ■ e)qa - (P-g)£j75 

+ 93[iq ■ £)qa - q'^€a\75}uB'iPl), (1) 



where ubq{P2) is the Dirac spinor of either the sextet baryon Bq or the antitriplet baryon 
Bq, while us^^ipi) is the Rarita-Schwinger spinor of the spin-3/2 sextet baryon Bq, 
is the polarization 4- vector of the light vector meson and 2P = pi + p2, q = Pi — P2- 
Furthermore, the conditions = my and (qe) = are imposed for the on-shell vector 
meson. Here we would like to make the following remark. Many of considered transitions 
in this work are kinematically forbidden. In other words, one of particles should be off 
mass shell and therefore " coupling constants" have dependence. We calculate these form 
factors at = my and assume that in going from this point to g^^^ (in our case 
Imax = ("^1 —"^2)^ indeed is small), the coupling constants do not change considerably (for 
a detailed discussion see jTO]). 

In order to calculate the strong coupling constants g^, k = 1,2, 3, in the framework of 
the LCSR, we start by considering the correlation function: 







(2) 



where r^^ and 77 are interpolating currents of the Bq or Bq^ baryons, respectively, with T 
being the time ordering operator. 

The general form of the interpolating current of the spin-1/2 heavy sextet B^ and 
antitriplet Bf baryons can be written in the following form [llj: 

vl^\qu<i2,Q) = -yf6'^''=[(gfC^Q')75g2- (g'^''C^g2')75g? + /3(gfC'75g')g2 
vS\quq2,Q) = y|e"''^[2(gfCg2^)75g^+ (gfcg'')75g2+ (g'^'^C^g2')75g^ 

+ 2(3 (qfC^^q^) Q' + P {qfCi.Q') ql + /3 (q^'^'C^mi) ql\ , (3) 

where a, b, c are the color indices, C is the charge conjugation operator, /3 is an arbitrary 
parameter and /3 = — 1 corresponds to the choice for the loffe current [12]. The interpolating 
current for the spin-3/2 sextet baryons can be written as [Uj 

V, = Ae""^ [ (qfC^.q^) + {qfC^.Q') q{ + [Q^'^C^.q]) q'^ • (4) 
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Table 1: The light quark content qi and q2 for the sextet and anti-triplet baryons with 
spin-1/2 
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Table 2: The light quark content qi, q2 and normalization constant A for the sextet baryons 
with spin-3/2 



The light quark contents of both sextet and antitriplet heavy spin-1/2 baryons are shown 
in Table 1. The values of normalization constant A and the quark flavors qi, q2 and Q for 
each member of the heavy spin-3/2 baryon sextet are also listed in Table 2. 

Using the quark-hadron duality and inserting a complete set of hadronic states with the 
same quantum numbers as the interpolating currents r/^ and 77^'^ into correlation function, 
one can obtain the representation of n^(p, g) in terms of hadrons. Isolating the ground 
state contributions coming from the heavy baryons in the corresponding channels we get 

{0\r^\BQip2)){BQ{p2)Viq)\B*Qip,)) |r^^| 0> 



2 2 2 2 

P2 — 1712 Pi ~ ""^1 



AbqAbj {^2 + m2] 



[giiQa i - Saihb + 92[{P ■ £)qa - {P ■ q)£ah5 



{pl-ml){pl-ml) 

. . - . ™0 - - ^ . ^^^^) . 

(5) 

where mi = rriB^, m2 = itlbq, and ■ ■ ■ represent the contributions of the higher states and 
continuum. In derivation of Eq. (|5]) we have used the following definitions: 

{^\v\Bq{p)) = ^BqU{p,s) , 
{0\ii,\B*q{p)) = Xb^^u^{p,s) , (6) 

and summation over spins has been performed using the relations, 

^ U{p2, S)u{p2, S) = i)2+m2 , 
s 

UaiPu s)up{pu s) = -{pi + mi) l^g^p - ^— + ^— j . (7) 
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Here we would like to make following remark. The interpolating current t]^ couples not 
only to the = |^ states, but also to the = ^ states. The corresponding matrix 
element of the current 7]^ between vacuum and = \ states can be parametrized as 
follows 

{Q\ri,\BQ{p)) = \(^^-A^S^u{p,s) . (8) 

where tilde means a. = \ state, and A and m represent its residue and mass, respectively. 
Using Eqs. ([5]) and ([8]), we see that the structures proportional to 7^ at the right end and 
to pi^ = p2fj, + Qfi receive contributions not only from = states but also from the 



= I states which should be removed. 



Another problem is that not all Lorentz structures are independent. We can remove 
both problems by ordering the Dirac matrices in a specific way which guarantees the inde- 
pendence of all the Lorentz structures as well as the absence of the = \ contributions. 



In the present work, we choose the ordering of the Dirac matrices in the form 7^^ 
Choosing this ordering and using Eq. (jl]), for the phenomenological part of the correlation 
function we get 



n 



^ [mi — (p + qY] {rn\ — p"^) 
+ other structures , 



gi{mi + m2)#75gM " d^i-^iAv ' + m^ii>i^^i^ 

(9) 



where we have set p2 = p- In order to calculate the coupling constants gi, g2 and gs from the 
QCD sum rules, we should know the expression for the correlation function from the QCD 
side. But first we try to find relations between various invariant functions which would 
simplify the calculations of the constants gi, g2 and g^ considerably for different channels. 
For this aim we will follow the approach given in [13]- [17] where main "construction blocks" 
have been derived (see also [6]- [8]). These relations are independent from the choice of the 
explicit Lorenz structure and automatically take into account violation of the flavor unitary 
symmetry. 

We will also show that all the transitions of spin-3/2 sextet Bq into the sextet and 
antitriplet of the spin-1/2 Bq are described in terms of only one invariant function for each 
Lorenz structure. Firstly, we consider sextet-sextet transitions and as an example we start 
with the E^'' — )■ Sj^p" transition. The invariant correlation function for the S*" — )■ S^p*^ 
transition can be written in the general form as 

U^f^^y = g^OuuTliiu, d, b) + gpOddli-'iiu, d, h) + gp0i,^Ii2{u, d, b) . (10) 

The interpolating currents for and are symmetric with respect to the exchange of 
the light quarks, then obviously Il[{u,d,b) = Ili{d,u,b). Moreover, using Eq. (jl]) one can 
easily obtain that —Il2{u,d,b)=Ili{b,u,d) + Ili{b,d,u). Couplings of quarks to p° meson 
are obtained from the quark current 



jf = ^9qqpqif.q , (11) 



u,d,s 
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and for the meson QpOuu = ~gp°dd = l/v^ and similarly for co and mesons one get 
dujuu = dijdd = l/\/2, Qcjiss = 1, all the other couplings to light mesons being zero. 

The function Ili{u,d,b) describes emission of the p° meson from u, d and h quarks, 
respectively, and is formally defined as 

ni(M,rf,6) = {uu |Sf I 0) . (12) 

Using Eqs. ([IU])-([I2D we get, 

[ni(M,c/,6) -ni(rf,M,6)l . (13) 



ny*0 >5^0.0 1 

V2 



In the isospin symmetry limit, the invariant functions for the S^*^ — S^p" and S*" — )■ AhU^ 
transitions vanish, as is expected. The relations among other invariant functions involving 
neutral vector mesons p, u and (p can be obtained in a similar way, and we put these 
relations into the Appendix. 

The relations involving charged p mesons require some care. Indeed, in the — )■ S^p° 
transition u{d) quarks from baryons and S° form uu{dd) state, while d [u) and b quarks 
are spectators. In the case of charged p"*" meson d quark from baryons E° and u quark from 
baryon form the (ud) state while the remaining d{u) b quarks again are spectators. 
Therefore it is quite natural to expect that these matrix elements should be proportional. 
Indeed, explicit calculations confirm this expectation and we obtain that 

ns*+-s0p+ ^ <J|sOs*+|0> = -v^(Jd|E°E*°|0> 

= -v^ni(rf,M,6) . (14) 
Replacing u ^ d in Eq. f|T4|) . we get 

U^r~^^tp- = -^U^(u,d,b) . (15) 

It should be noted that the relations between invariant functions involving p and u mesons 
can also be obtained from isotopic symmetry argument. All other relations among invariant 
functions involving charged p, K* and (p mesons are obtained in a similar way with the 
proper change of quark symbols and are presented in the Appendix. To describe the 
sextet-sextet transitions, we need to calculate the invariant function Hi. For this aim, 
the correlation function which describes the transition E*'' — )• E°p° would serve as a good 
candidate. 

Up to now we have discussed the sextet-sextet transitions and found that all these 
transitions involving light vector mesons are described by a single universal function. We 
now proceed discussing the sextet-antitriplet transitions. Our goal here is to show that 
these transitions, similar to the sextet-sextet, are also described with the same invariant 
function. For this aim let us consider the E*° — )■ A^p" transition. 

Similar to Eq. ffTOj) . this transition can be written as 

]-[S*o^ApO ^ g^o^^U^^u, d, b) + gpOM^i{,u, d, b) + gp0bbll2iu, d, b) , (16) 

where tilde is used to note the difference of the invariant function responsible for the sextet- 
antitriplet transition from the sextet-sextet transition. In order to express the 11 in terms of 



5 



n, let us first express the interpolating current of A;, in terms of sextet current. Performing 
similar calculations as is done in [16], the following relation between the two currents can 
easily be obtained 

V^'\qi ^ Q)+V^'\q2 ^Q) = -V^'\qi,q2,Q) • 
Using these relations and Eq. ( [T0|) . we construct the following auxiliary quantities 

nE-^E,(d«6)pO ^ ^^^^ni(M, 6, d) + gptbll'iiu, b, d) + gpddMn, b, d) . 
From these expressions, we immediately obtain that 



(17) 

(18) 
(19) 



+ gpbb 
gpuu 



+ gpdd 



n;(6,d,M) - n2(M,6, d) 



(20) 



+ gpdd 



ni(6,c?,M) + n2(M,6,c?) 



+ gpbb 



112(6, d, u) — Iii{u, b, d) 

Hi (6, d, u) — ^liu, b, d) 

112(6, c?, u) + Yliiu, b, d) 

III (6, d,u) + Il\{u,b,d) 
= -gpuu^iiu, d, b) - gpcidU.'i{u, d, b) - gpbbT{2{u, d, b) 

where in obtaining the last line, we have used Eq. (fTOj) . From this equation, we immediately 

get, 

- 02(6, rf, u) = Ui{u, b, d) + ni(M, d, b) , (22) 

-n2 (m, 6, d) = n; (6, c/, m) + n; («, c/, b) , (23) 

-n2 (u, d, 6) = Hi (6, d,u) + n; (m, 6, rf) . (24) 



(21) 



With the replacement b ^ u Eq. (1221) goes to Eq. (I24I) and with the replacement b d 
Eq. ( I23ll goes to Eq. (1241) . as the result of which we get 

n;(ti, 6, rf) = Hi (6, rf, m) , and, (25) 

n;(rf,6,M) = ni(6,rf,u) . (26) 

Using these relations and Eq. (1201) . we get the following relation for the invariant 
function responsible for the — )■ A^p*^ transition 



'gpuu 



2ni(M,6,c/) + ni(M,rf,6) 



2ni(c/,6,M) + n2(c^,M,6) 



+ gpbb 



ni(6, (i, u) — ni(6, n, (i) 



(27) 



Comparing these results with Eq. (fT6|) . we finally get 

ni(M, rf, 6) = — ^ 2ni(M, 6, rf) + ni(M, c/, 6) 

n;(u, d, 6) = ^ [2ni(d, 6, u) + ni(d, n, 6) 
V3 L 



n2(u, (i, 6) 



ni(6, d, u) — Hi (6, M, (i) 
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Relations among invariant functions describing sextet-antitriplet transitions involving 
light vector mesons are presented in the Appendix. 

For obtaining sum rules for the coupling constants the expressions of the correlation 
functions from QCD side are needed. The corresponding correlation functions can be 
evaluated in deep Euclidean region, —pf — )■ oo, — ?■ oo, as has already been mentioned, 
using the OPE. In the Light Cone version of the QCD sum rules formalism, the OPE is 
performed with respect to twists of the corresponding nonlocal operators. In this expansion 
the DA's of the vector mesons appear as the main nonperturbative parameters. Up to twist- 
4 accuracy, matrix elements {V{q) |g(x)rg(0)| 0) and {V{q) \q{x)G^i,q{0) \ 0) are determined 
in terms of the DA's of the vector mesons, where F represents the Dirac matrices relevant 
to the case under consideration, and G^u is the gluon field strength tensor. The definitions 
of these DA's for vector mesons are presented in [I8]-[T9]. Having the expressions of the 
heavy and light quark propagators ( see [20], [21] ) and the DA's for the light vector mesons 
we can straightforwardly calculate the correlation functions from the QCD side. Equating 
both representations of correlation function and separating coefficients of Lorentz structures 
^i^75?Ai) ifl^ip ■ and iirih^^-, and applying Borel transformation to the variables and 
(p + g)^ on both sides of the correlation functions, which suppresses the contributions of 
the higher states and continuum, we obtain sum rules for the coupling constants (71, gi and 
9^-- 



gu = KuU-f\M^) , (29) 



where 



/«2 



mi + m2 
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90 9 

'^1 I "2 , "V 



77 



^^ = ^ ■ (30) 



my 



As has already been noted, relations between invariant functions are independent of 
the Lorenz structures, but their explicit expressions are structure dependent. So we have 
introduced extra upper index k in brackets for each coupling, and /c=l,2 and 3 corresponds 
the choice of the Lorenz structures ^iry^q^, ifl^ip ■ and i'in^e^, respectively. In this 
equation Ml and M| are Borel parameters in the initial and final baryon channels. Since 
the masses of the initial and final baryons are close to each other we put Ml = M| = M^. 
Residues A^^ and A^^ of the heavy baryons of spin-3/2 and -1/2 have been calculated in 

As the explicit formulae for 11^ , fc=l,2,3 are lengthy and not very instructive we do 



not present it in the body of our article. 



3 Numerical analysis 

In this section, we present our numerical results on the strong coupling constants of the 
light vector mesons with the sextet and antitriplet of heavy baryons. The main input 
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parameters in LCSR for the coupling constants are the DA's of the hght vector mesons. 
These DA's and its parameters are taken from |18] and [19]. The LCSR's also contain 
the following auxiliary parameters: Borel parameter M^, threshold of the continuum sq 
and the parameter /3 of the interpolating currents of the spin-1/2 baryons. Obviously 
any physical quantity should be independent of these auxiliary parameters. Therefore, we 
should find "working regions" of these parameters where coupling constants of the BqBqV 
transitions are practically independent of them. We proceed along the same scheme as 
is presented in [13]- [17]. In order to find the "working region" of M^, we require that 
the continuum and higher state contributions should be less then half of the dispersion 
integral while the contribution of the higher terms proportional to 1/M^ be less then 25% 
of the total result. These two requirements give the "working region" of in the range 15 
GeV^ < M2 < 30 GeV^ for baryons with the single h quark and 4 GeV^ < < 8 GeV^ 
for the charmed baryons, respectively. The continuum threshold is not totally arbitrary but 
is correlated to the energy of the first excited states with the same quantum numbers as 
the interpolating currents. This parameter is chosen in the range (m^^ +0.5 GeV)^ < -Sq < 
(m^* +0.7 GeV)^. Our results show weak dependence on this parameter in this working 
region. 

As an example let us consider the transition S*+ — )■ S^+p° and show in what way the 
coupling constants gi, g2 and are determined. In Figs. (l)-(3) we depict the dependence 
of the coupling constants gi, g2 and g^ on at Sq = 10.5 GeV^ and several different 
fixed values of (3. It is seen that the coupling constants depend weakly on in the 
"working region" . Now, we proceed to calculate the working region of the general parameter 
P entering the interpolating currents of the spin-1/2 particles. This parameter is also 
not physical quantity, hence we should look for an optimal working region at which the 
dependence of our results also on this parameter is weak. Due to the truncated OPE, 
in general, the zeros of the sum rules for strong coupling constants and residues are not 
coincide. These points and close to these points are an artifact of the using truncated OPE 
and hence the "working" region of cos6 should be far from these region. In Figs. (4)-(6) 
(as an example) we present the dependence of the coupling constants gi, g2 and g^ of this 
transition on cos^, where tan 6* = /3, at three fixed values of sq and at a fixed value of M^. 
From these figures it is easily seen that the coupling constants gi, g2 and g^ are practically 
unchanged while cos 6' is varying in the domain -0.5< cos 6' < 0.3 and weakly depend on 
Sq. Plotting all the considered strong coupling constants for all allowed transitions versus 
cos^, we see that this working region is approximately common and optimal one to achieve 
reliable sum rules for all cases. From our analysis we obtain g^" p _ (^2.6 + 0.5) GeV~\ 
^H*+^H^+pO ^ (0.9 + 0.2) GeV-^, gf^^^'"^^" = (22 + 4) GeV-^. The results for the coupling 
constants of other transitions are put into the Tables 3 and 4. For completeness, in these 
Tables we also present results of the nonrelativistic quark model (NRQM) on these couplings 
in terms of a constant c. From these tables we can conclude that predictions of the general 
and the loffe currents are very close to each other. We also see that ratios of the decays 
considered are also in good agreement with the predictions of the the nonrelativistic quark 
model. Finally it should be noted that some of the coupling constants related with p°, u 
and mesons were studied in [23] with the loffe interpolating currents. The results obtained 
in that work do partially agree or disagree compared to our predictions. 
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4 Conclusion 



In the present work, we have studied the BqBqV vertices within the LCSR method. These 
vertices are parametrized with three couphng constants. We have calculated them for all the 
BqBqV transitions with light vector mesons. The main result is that the correlation func- 
tions responsible for the coupling of the light vector mesons with the heavy sextet baryons 
of the spin-3/2 and the heavy sextet and antitriplet baryons of the spin-1/2 are described 
in terms of only one invariant function for each Lorenz structure while the relations between 
the different transitions are structure independent. 
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86±20 


88±15 




o*- _ 




7.2±1.8 


8.2±2.2 


1.0±0.2 


1.2±0.3 


85±15 


90±25 


(2^/2/3)c 




V 3/0 T^*- 


5.3±1.5 


5.8±1.6 


1.0±0.3 


1.2±0.4 


74±18 


77±15 


(2/3)c 


n*-- 




9.7±2.5 


10.0±2.0 


1.3ib0.3 


1.5±0.3 


136±31 


133±25 


(2/V3)c 



Table 3: The absolute values of the coupling constants ^'1,2,3 for transitions of b-baryons. 
The couplings, gi, §2 and are in GeV~^, GeV^"^ and GeV'"^, respectively. 
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'transition 


91 


loffe 

9i 


92 


loffe 
92 


53 


loffe 
93 


NRQM 






5.0±1.0 


5.7±0.5 


1.0±0.2 


1.2±0.2 


40±7 


45±5 


(2/3)c 






4.4±0.8 


5.0±0.5 


0.9±0.2 


1.1±0.2 


35±6 


39±6 


(2/3)c 


S*o ^ 




9.6±1.8 


10.6±1.8 


1.5±0.6 


1.9±0.3 


75±13 


79±10 


(2/V3)c 






5.4±1.0 


6.0±0.5 


1.5±0.5 


2.3±0.4 


29±4 


32±3 


(2/3)c 






7.5±1.4 


8.2±1.3 


2.2±0.8 


2.6±0.4 


41±6 


42±4 




■=■*+ 




2.6±0.5 


3.0±0.3 


0.9±0.2 


1.0±0.2 


22±4 


25±4 


(l/3)c 


'— 'c 




2.3±0.4 


2.7±0.4 


0.8±0.2 


0.9±0.2 


19±3 


21±2 


(l/3)c 


■=■*+ 




3.6±0.7 


4.1±0.6 


0.9±0.2 


1.1±0.2 


17±3 


20±2 


(V2/3)c 


■=■*+ 




5.5±1.0 


6.1±0.8 


1.8±0.4 


2.3±0.4 


29±4 


31±5 


(2/3)c 


'^*+ 

'— 'c 




5.6±1.0 


6.5±1.0 


2.0±0.5 


2.4±0.5 


32±5 


35±5 


(2/3)c 


i 




5.0±0.9 


5.4±0.3 


0.9±0.2 


1.0±0.2 


41±7 


44±7 


(l/^/3)c 


'— 'c 




5.0±0.9 


4.8±0.6 


0.9±0.2 


1.0±0.2 


41±7 


44±7 


(l/^/3)c 


'— 'c 




6.8±1.3 


7.6±0.7 


1.3±0.3 


1.6±0.3 


32±6 


34±5 




'— 'c 




7.4±1.3 


8.0±0.8 


1.7±0.5 


2.0±0.4 


40±5 


41±6 


iVV^)c 






7.8±1.0 


8.7±1.0 


2.1±0.3 


2.4±0.3 


37±7 


42±4 


(2^/2/3)c 






5.8±1.0 


6.4±0.8 


2.1±0.4 


2.4±0.3 


32±4 


34±3 


(2/3)c 




50^*0 


11.0ib2.0 


12.0ib2.0 


3.5ib0.6 


4.4±0.6 


63±9 


65±7 


(2/V3)c 



Table 4: The absolute values of the coupling constants gi^2,3 for transitions of charmed 
baryons. The couplings, gi, §2 and are in GeV^^, GeV^^ and GeV~^, respectively. 



Appendix 



Here in this appendix we present the expressions of the correlation functions in terms 
of invariant function Hi involving p, K*, uj and mesons. 

• Correlation functions responsible for the sextet-sextet transitions. 





= ^ Ili{u,d,h) - 




= \/2Ili{u, u, b) , 








= ^ni(M,s,6) , 




= -^Ui{d,s,b) , 




= V2Ui{d,u,b) , 
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6P" 



n=6 



v^ni(ii,d,6) , 

Ui{d,s,b) , 
V2Ui{d,u,b) , 

Ui{u,s,b) , 
y2ni(M,M,6) , 
Ili{u,d,b) , 
v^ni(s,s,6) , 
V2Ui{u,u,b) , 
Ui{u,d,b) , 
V2Ui{s,s,b) , 
Ui{d,u,b) , 
V2U^{d,d,b) , 
V2Ui{s,s,b) , 
U^t°M'K*'^ = U,{d,u,b) , 



n=6 



n=6 



V2Ui{d,d,b) , 
v^ni(s,s,6) , 

-^^Ui{u,d,b) + Ui{d,u,b)j , 

V2U^{u,u,b) , 
v/2ni(d,d,6) , 



-6 — 



--^ni(w,s,6) , 

-.Ili{d,s,b) , 



V2 

Ui{s,u,b) , 
]li{s,d,b) , 
2Ui{s,s,b) . 

• Correlation functions responsible for the sextet-antitriplet transitions. 



" -^ni(M,s,6) , 



1 

7! 



Ui{u,d,b)+Ui{d,u,b)^ , 
11 



j-[H*--^S-p- 



= Ui{d,s,b) , 

= ni{u,s,b) , 

= -V2Ui{s,s,b) , 

= -ni((Z,M, 6) , 

= -Ui{d,u,b) , 
= ^ni(ci,c^,6) , 
= Ui{u,d,b) , 
= y/2Ui{s,s,b) , 

= -^^liu, s,b) , 



--j=Ili{d,s,b) , 
Yi^f-^Ho^ = -^^Ui{u,d,b) -Ui{d,u,b)j , 

-Ui{s,u,b) , 
-Ili{s,d,b) . 

The expressions for the charmed baryons can easily be obtained by making the replace- 
ment b ^ c and adding to charge of each baryon a positive unit charge. 
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12.0 



Figure 1: The dependence of the strong couphng constant gi for the 5*+ S^+p^ tran- 
sition on the Borel mass parameter at several different fixed values of /3, and at 
So = 10.5 GeV^. 




12.0 



M2 (Gey2^ 



Figure 2: The same as Fig. (1), but for the strong coupling constant g2. 
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12.0 



Figure 3: The same as Fig. (1), but for the strong couphng constant 513. 
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Figure 4: The dependence of the strong couphng constant gi for the S*+ transition 
on cos 6' at several different fixed values of sq, and at = 8.0 GeV^. 
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Figure 5: The same as Fig. (4), but for the strong couphng constant 512- 



30.0 - 




COS^ 



Figure 6: The same as Fig. (4), but for the strong couphng constant g^. 
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